This case report describes the treatment of a 31-year-old woman with a convex profile, protrusive maxilla, retrusive mandible, and gummy smile. Four premolars were extracted, and micro-implant anchorage was used to retract the anterior teeth. Lip protrusion and the gummy smile were improved, but the computed tomography images showed dehiscence on the palatal alveolar bone of the maxillary incisors. Approximately 10 years after treatment, significant alveolar bone apposition was seen on the palatal surface of the maxillary anterior teeth. (Am J Orthod Dentofacial Orthop 2018;153:108-17) 
L ip protrusion is a common reason for Asian patients to seek orthodontic treatment. [1] [2] [3] [4] [5] To resolve this chief complaint, extraction of 4 premolars with maximum or absolute anchorage is usually required.
In conventional orthodontic treatment, such as the Tweed-Merrifield philosophy, patient cooperation in the use of a high-pull J-hook appliance is essential to obtain a satisfactory result. 6 But patients with thick soft tissues might find that the profile alteration or esthetic improvement produced is insufficient. Fortunately, skeletal anchorage, including micro-implants and miniplates, has been developed and used in a variety of ways in orthodontic treatment. 2, 3, 5, 7 Micro-implant anchorage is an effective and beneficial technique for improving esthetics in patients with bialveolar protrusion, by retraction of the anterior teeth with simplified biomechanics. Moreover, absolute anchorage extends the limitation of tooth movements.
However, there is also an anatomic limitation in orthodontic treatment: the cortical plate of the alveolar bone. Therefore, excessive tooth movement results in tooth contact with the cortical plate of the alveolar bone, leading to alveolar bone loss and root resorption. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] There is especially controversy over whether the anterior palatal bone has the remodeling capacity as shown in previous studies. [12] [13] [14] [15] [16] [17] [18] To obtain objective data on the alteration of the alveolar bone during orthodontic treatment, lateral cephalograms have been most commonly used. [18] [19] [20] [21] However, lateral cephalometry is the projection outcome on a 2-dimensional plane, which may result in inaccurate identification and imprecise measurement of the structure. In recent years, computed tomography (CT), which provides accurate data with fewer errors, has been used to evaluate structures of interest. 25, 26 The following case is regarding the treatment of a patient with bialveolar protrusion by retraction of anterior teeth using micro-implant anchorage and demonstrates the evaluation of remodeling on the anterior palatal bone using CT images during a retention period of approximately 10 years.
DIAGNOSIS AND ETIOLOGY
A 31-year-old woman had a convex profile with a protrusive maxilla, retrusive mandible, and gummy smile (Fig 1) . As shown in the intraoral photographs, she had a Class II canine relationship, an overbite of 4 mm, an overjet of 5 mm, and mild crowding.
Cephalometric analysis showed a skeletal Class II relationship with an excessive maxilla and a retrognathic mandible (SNA, 85.1 ; SNB, 78.2 ; ANB, 6.9 ), and a high mandibular plane angle (FMA, 30.4 ). The maxillary incisors were tipped lingually, and the mandibular incisors were tipped labially (U1 to FH, 111. 4 ; IMPA, 103.7 ) (Fig 2; Table) .
TREATMENT OBJECTIVES
The treatment objectives were to correct the lip protrusion, remove the gummy smile, and obtain a harmonious occlusal interdigitation for an esthetic profile and functional improvement.
For bodily movement of the maxillary incisors with uprighted inclination (U1 to FH5111. 4 ) and any amount of lip retraction, maximum anchorage in orthodontic treatment was required. Therefore, microimplant anchorage should be used.
TREATMENT ALTERNATIVES
The following treatment options were established for the patient on the basis of the treatment objectives.
1. An anterior segmental osteotomy was 1 available treatment option to resolve the patient's chief complaint. An anterior segmental osteotomy with extraction of 4 first premolars can reduce the treatment period remarkably and achieve immediate improvement of facial profile. 4, 27, 28 In contrast, the dental and periodontal damage in the region of the osteotomy and the discrepancy between the anterior and posterior segments are negative consequences of segmental osteotomy. 29, 30 However, the patient refused surgery and wanted orthodontic treatment only. 2. Orthodontic treatment with extraction of 4 premolars and micro-implant anchorage was proposed. Skeletal anchorage can enhance the amount of anterior tooth movement and provide simple biomechanics of orthodontic force. 2, 3, 5, 7 Therefore, achieving a precise treatment goal and avoiding side effects during treatment were feasible. Furthermore, implications of surgery, such as an improper position of a segment, necrosis, and fracture, can be avoided. The patient chose this option. 
TREATMENT PROGRESS
Four first premolars were extracted, and preadjusted fixed appliances (0.018 3 0.022-in slot) were bonded. After leveling and alignment for 3 months, microimplants (Absoanchor SH 1312-08; Dentos, Daegu, Korea) were inserted between the maxillary first molars and second premolars, and 0.017 3 0.025-in stainless steel archwires were placed in the maxilla and the mandible to apply retraction forces on the anterior teeth (Fig 3) . After the proper amount of anterior retraction and the finishing stage for occlusal interdigitation, the orthodontic treatment was completed in 24 months. During retraction of the maxillary anterior teeth, insufficient alveolar bone remodeling after the tooth movement resulted in a bony spicule on the maxillary labial alveolar bone. This phenomenon is caused by the difference in the amounts of tooth movement and alveolar bone remodeling, which can be prevented partly by continuous massaging during treatment. 5 However, surgical removal, such as alveoloplasty, was required in this patient because of the severe bony spicule on the maxillary labial alveolar bone. After alveoloplasty on the labial alveolar bone, the nasolabial angle was increased. 
TREATMENT RESULTS
The lip protrusion with the convex facial profile and gummy smile was improved by well-controlled inclination of the maxillary incisors with the posterior and superior movements (Fig 4) . Thus, the acute nasolabial angle was increased, and a balanced facial profile was achieved. Moreover, after the orthodontic treatment, the alveoloplasty on the maxillary labial alveolar bone was also effective to obtain the improved facial profile with a proper nasolabial angle and the physiologic periodontal condition (Figs 4 and 5). Functional occlusion was achieved with the Class I canine and molar relationship. As shown in the superimposition of the lateral cephalometric images, the well-controlled movement of the maxillary incisors with posterior movement of the maxillary A-point resulted in a reduction of the ANB angle and a balanced facial profile (Fig 6; Table) . In the panoramic radiograph, root parallelism and no signs of root resorption were observed.
After removal of the fixed orthodontic appliance, a CT scan (Light Speed Plus; GE Medical Systems, Milwaukee, Wis; 10 mA, 120 kVp, 15-cm field of view) was taken to evaluate the alveolus surrounding the maxillary anterior teeth. As can be seen in Figure 7 , bone dehiscence is observed on the palatal alveolar bone of the maxillary incisors. Moreover, in the sagittal sectional images of the scan (Fig 8) , the roots of the maxillary incisors are uncovered with palatal alveolar bone except for the apical third. Additionally, dehiscence of the palatal alveolar bone can be observed in the 3-dimensional reconstruction images (Fig 9) .
Nine years and 10 months after the completion of treatment, a CT scan (iCAT; Imaging Sciences International, Hatfield, Pa; 120 kVp, 23.87 mA, 6-cm field of view, 0.25 mm voxel size, 40-second scan time) was taken again to assess the changes in the palatal alveolar bone of the maxillary incisors. It can be seen that the palatal side of the root was covered with alveolar bone (Figs 10-12) . Furthermore, most of the palatal side root was covered, and thick cortical bone was observed. As a result of this, the recovery of the dehiscence on the palatal alveolar bone after retraction of the anterior teeth could be seen after the 10-year retention period.
DISCUSSION
Optimal incisor inclination and position are considered vital, according to several previous studies, for proper function and stability, especially in the treatment of patients requiring retraction of incisors. In addition, it has been stated that the dentition should be placed within the alveolar bone housing bordered by the cortex. 31 As suggested, intrusion of the maxillary incisors is necessary for accomplishing lingual root movement in wider anatomic limitation. 32 Thus, intrusive force should be applied during retraction of the maxillary incisors in patients with bialveolar protrusion.
With the micro-implant, extensive retraction of the anterior teeth is feasible with simplified biomechanics and techniques. Despite its advantages and usability, an excessive amount of tooth movement may cause adverse results such as external root resorption, dehiscence, and gingival recession. [12] [13] [14] 18 A deficiency of cortical plates causing exposure of the cervical root surface is called dehiscence. 33 A number of authors have reported dehiscence on the palatal alveolar bone during posterior movement of the maxillary anterior teeth and discussed whether it can be recovered after active treatment. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] However, these authors disagreed about the regeneration capacity of the palatal alveolar bone.
In previous studies, a well-defined cortical plate covering the root surface was reported at several years after active treatment. However, conventional 2-dimensional radiographs were used to evaluate bone remodeling. 16, 18 It is difficult to find immediately regenerated bone and compare it with the status of the previous alveolar bone using a 2-dimensional radiograph. In recent years, CT, which provides data with fewer magnification errors and accurate measurement, is being used. 17, 25, 26, 34 Thus, in this case, the CT scans were used to evaluate bone regeneration after the dehiscence occurred.
As shown above, alveolar bone loss was seen on the palatocervical surface of the maxillary incisor root in the CT images after active orthodontic treatment. Despite bone dehiscence on the palatal side, there was no root exposure because of the intact anterior palatal gingival tissue. Moreover, no tendency of gingival recession was observed during the retention period.
The gingival biotype is the thickness of the gingiva in the labiolingual dimension. 35, 36 Previous studies have shown that the thicker gingival biotype is resistant to inflammation or trauma. [36] [37] [38] [39] Likewise, the thick keratinized palatal gingival tissue can be considered significant to protect the maxillary incisors from palatal dehiscence in this patient. Additionally, the coverage of healthy thick gingiva may affect alveolar bone regeneration by conservation of the periodontal ligament containing cells of bone regeneration. It is a widely held view that periodontal ligament cells have osteoblastic properties and participate in alveolar bone metabolism. [40] [41] [42] [43] [44] Consequently, if the biotype is thick and healthy with potential periodontal ligament, such as anterior palatal gingiva, it is assumed that it is possible to observe alveolar bone regeneration even through any amount of tooth movement.
Furthermore, in future studies, it will be necessary to evaluate more treated patients regarding incisor repositioning with analysis of the long-term experiment microscopically.
CONCLUSIONS
Approximately 10 years after treatment of a patient with bialveolar protrusion by retraction of the anterior teeth using micro-implants, significant alveolar bone apposition was observed on the palatal surfaces of the maxillary anterior teeth.
